INTRODUCTION

1
The polyunsaturated fatty acids (PUFAs) include many bioactive lipids that play an 2 important role in the maintenance of biological functions in mammals (1, 2). The vast majority of 3 PUFAs has 2 or more cis double bonds that are separated from each other by a single methylene 4 group (known as methylene-interrupted fatty acids). They include two major subgroups (the ω3 5 and ω6 PUFAs) that have different functions (1-3). Arachidonic acid 6 [cis-5,cis-8,cis-11,cis-14-eicosatetraenoic acid (20:4, ω6) , AA], which is the C20 PUFA of the ω6 7 class and is made from linoleic acid [cis-9,cis-12-octadecadienoic acid (18:2, ω6) , LA], is 8 involved in many cellular signaling mechanisms, and is also the precursor for the formation of -5,cis-8,cis-11,cis-14,cis-17-eicosapentaenoic acid (20:5, ω3) , EPA], which is a C20 PUFAs of 11 the ω3 class and is made from α-linolenic acid [cis-9,cis-12,cis-15-octadecatrienoic acid (18:3, 12 ω3)], is the precursor for the formation of 3-series of prostaglandins, and can competes with the 13 effects of AA, such as the AA conversion to the prostaglandins. Unlike methylene-interrupted 14 fatty acids, rare isomers of PUFAs, which have at least two double bonds that are separated by a 15 single carbon-carbon bond (known as conjugated fatty acids) (4-7) or 2 or more methylene 16 groups [known as non-methylene-interrupted fatty acids (NMIFA)] (8-10), have been found in 17 several materials including plant oil. These rare PUFAs have been also reported to show 18 interesting physiological effects (9, (11) (12) (13) (14) (15) . Therefore, they have gained considerable attention, 19 but natural sources rich in them are limited.
20
The partial hydrogenation of PUFAs is the process of converting PUFAs into the more 21 saturated fatty acids and can produce NMIFAs from more readily available PUFAs. They can be 22 mainly performed by chemical hydrogenation in industry and by microbial biohydrogenation in 23 γ-Linolenic acid (cis-6,cis-9,cis-12-18:3), dihomo-γ-linolenic acid 1 [cis-8,cis-11,cis-14-eicosatrienoic acid (20: 3)], AA, and EPA were purchased from Sigma (St.
2
Louis, USA). Docosahexaenoic acid [cis-4,cis-7,cis-10,cis-13,cis-16,cis-19-docosahexaenoic acid 3 (22:6), DHA] was purchased from Cayman Chemical (MI, USA). All other chemicals used were 4 of analytical grade and are commercially available.
5
Microorganism and cultivation
6
The identified anaerobic bacteria used for this study (Supplementary Collection, VA, USA). The unidentified anaerobic bacteria used for this study were isolated from 11 pond, wastewater, fish viscera, and so on. The medium was GAM broth (pH 7.0) (Nissui
12
Pharmaceutical co., Ltd., Tokyo, Japan) supplemented with 0.03% (w/v) LA, AA or 0.02% (w/v) 13 EPA. Each strain was inoculated into 15 mL of the medium in screw-capped tubes (16.5 × 215 14 mm) and then incubated in an anaerobic chamber (98% nitrogen and 2% hydrogen) at 37°C for 15 2-3 days. After the cultivation, the culture medium was separated into supernatant and cells by 16 centrifugation (8,000 g, 10 min), and the supernatant was used for lipid analysis.
17
Lipid analysis
18
Lipids were extracted from the supernatants with chloroform-methanol according to the 19 procedure of Bligh-Dyer (24), and methylated with 4% methanolic-HCl at 50°C for 20 min. The 20 resultant fatty acid methyl esters were extracted with n-hexane and analyzed by gas-liquid 21 chromatography (GC) using a Shimadzu (Kyoto, Japan) GC-1700 gas chromatograph equipped 22 with a flame ionization detector and a split injection system and fitted with a capillary column 23 (ULBON HR-SS-10, 50 m × 0.25 mm I.D., Shinwa Kako, Kyoto, Japan). The column 1 temperature was initially 180°C and was raised to 220°C at a rate of 2°C/min and maintained at 2 that temperature for 20 min. The injector and detector were operated at 250°C. Helium was used 3 as a carrier gas at 0.97 ml/min.
4
Isolation, derivatization, and identification of products 5 For the isolation of the newly generated fatty acid in a culture of C. bifermentans JCM 6 1386 with 0.03% (w/v) AA (UK1), its methyl esters were purified by high-performance liquid 7 chromatography (HPLC, monitored at 205 and 233 nm) using a Shimadzu LC-VP system fitted 8 with a Cosmosil column 5C18-ARII (20 × 250 mm, Nacalai tesque, Kyoto, Japan). The mobile 9 phase was acetonitrile-water (80:20, v/v) at a flow rate of 5.0 mL/min and the column 10 temperature of 30°C. The fraction containing UK1 was further purified by HPLC on Inertsil ODS 11 SQ5-1385 (4.6 × 250 mm, GL Science Inc., CA, USA) joined with Capcelpak C18 UG20 (4.6 × 12 250 mm, Shiseido, Tokyo, Japan). v/v) was used as the mobile phase at 13 a flow rate of 1.2 mL/min. For the isolation of the newly generated fatty acid in a culture of C. 14 bifermentans JCM 1386 with 0.02% (w/v) EPA (UK2), its methyl esters were purified using a 15 same procedure as described for UK1 except that the mobile phase used for the latter step was Propionibacterium were found to have the ability to convert LA to vaccenic acid (trans-11-18:1, 7 VA) ( Table 1 ).
8 Figure 1 shows the GC chromatogram of methylated fatty acids produced by C. reactions were observed when C. bifermentans JCM 7832 was cultured with AA or EPA (Table 1) .
13
However, C. sporogenes JCM 7849, C. sporogenes JCM 7850, and P. acnes JCM 6473 couldn't 14 convert AA and EPA.
15
As the concentration of the C20 PUFAs added grew, C. bifermentans JCM1386 showed
16
higher activity than C. bifermentans JCM 7832 (data not shown). C. bifermentans JCM1386 was 17 used for further analyses. (see Fig. 3A ). On the basis of the results of the above spectral analyses, UK1 was identified as 22 cis5, cis-8,trans-13-20: 3 (see Fig. 2A ). JCM1386 were investigated (see Fig. 5 ). When various concentrations of AA were added to the 7 medium, the amount of UK1 production increased with increasing concentration of AA up to 0.42 8 mg/mL, giving a yield of 57% (0.24 mg/mL) against the added AA (0.42 mg/mL) (see Fig. 5A ).
9
When various concentrations of EPA were added to the medium, the amount of UK2 production 10 increased with increasing concentration of EPA up to 0.18 mg/mL, giving a yield of 67% (0.12 11 mg/mL) against the added EPA (0.18 mg/mL) (see Fig. 5B ). However, C. bifermentans JCM 12 1386 no longer produced UK2 when more than 0.24 mg/mL EPA was added. dihomo-γ-linolenic acid, AA, EPA, and DHA were added to the medium (see Fig. 6 ). C.
18
bifermentans JCM 1386 could convert LA, AA, EPA, α-linolenic acid, γ-linolenic acid, and 19 dihomo-γ-linolenic acid, but not DHA.
20
The GC-MS analysis of the products obtained from α-linolenic acid, γ-linolenic acid, and 21
dihomo-γ-linolenic acid
22
The products from α-linolenic acid, γ-linolenic acid, and dihomo-γ-linolenic acid were analyzed by GC-MS (see Fig. 7 ). The spectrum of pyrrolidide derivative of the product from at the ω7 and ω12 positions (6,11-18:2) (Fig. 7B) . The pyrrolidide derivative of the product from corresponding NMIFAs by C. bifermentans JCM 1386 (see Fig. 8 ). However, the ability to transform C20 and C22 PUFAs has not been studied in detail, although 20 there have been several reports that EPA and DHA are hydrogenated in the rumen in vivo (26)
21
and disappear during incubations in vitro with mixed ruminal microorganisms (27, 28). -5,cis-8,trans-13-20:3 and cis-5,cis-8,trans-13,cis-17-20:4 
cis
12
NMIFAs are a class of PUFAs that has received attention because of their unique structure 13 and physiological activity, and they have often been found in plant oils. Pinolenic acid
14
(cis-5,cis-9,cis-12-18:3) and columbinic acid (trans-5,cis-9,cis-12-18:3) are C18 NMIFAs that 15 were found in Pinus koraiensis and Aquilegia hybrida, respectively (8, 9). They are isomers of AA, EPA, and LA are converted to UK1, UK2, and vaccenic acid (VA), respectively. 
